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INTRODUCTION 

S p e c u l a t i o n  on t h e  e x i s t e n c e  of  e x t r a t e r r e s t r i a l  l i f e  i s  

s u f f i c i e n t l y  commonplace t o  s u g g e s t  t h a t  t h e  concep t  i s  s u b t l y  

imbedded i n  o u r  s o c i a l  c u l t u r e .  

t h e  o r i g i n  of t h e  e x t r a t e r r e s t r i a l  l i f e  concep t  because  of a tendency  

t o  a s c r i b e  o r i g i n a l  a u t h o r s h i p  of many i d e a s  t o  a n t i q u i t y . l  

However, i t  i s  d i f f i c u l t  t o  v e r i f y  

The d i s c o v e r y  of l i f e  on any of  t h e  p l a n e t s  would b e  one of t h e  

S a t i s f y i n g  s o c i e t y ' s  g e n e r a l  most e x c i t i n g  e v e n t s  i n  human h i s t o r y .  

* T h i s  p a p e r  p r e s e n t s  t h e  r e s u l t s  of one phase of  r e s e a r c h  c a r r i e d  
o u t  a t  t h e  J e t  P r o p u l s i o n  Labora to ry ,  C a l i f o r n i a  I n s t i t u t e  of 
Technology,  u n d e r  C o n t r a c t  No. NASw-6, sponsored  by  t h e  N a t i o n a l  
A e r o n a u t i c s  and Space Admin i s t r a t ion .  

1913) t h e  Pythagorean  P h i l o l a u s  ( 5 t h  c e n t u r y  B.C.) p o s t u l a t e d  t h e  
e x i s t e n c e  of a n  i n h a b i t e d  a n t i - e a r t h  which was always i n  o p p o s i t i o n  
t o  t h e  e a r t h  i n  r e l a t i o n  t o  t h e  sun. 

lAccord ing  t o  P. Duhem, Le Systsme du Monde ( V o l .  1, pp. 17-18, 
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c u r i o s i t y  would,  however, b e  on ly  one f a c e t  of t h e  d i s c o v e r y .  The 

e v e n t  would a l s o  have t r e m e n d w s  s c i e n t i f i c  i n t e r e s t  b e c a u s e ,  n e x t  

t o  t h e  s y n t h e s i s  of l i v i n g  m a t t e r  i n  t h e  l a b o r a t o r y ,  i t  would be t h e  

most i m p o r t a n t  s t e p  t h a t  c o u l d  b e  made toward u n d e r s t a n d i n g  of t h e  

problem of t h e  o r i g i n  of l i f e .  Systems b a s e d  on n u c l e i c  a c i d  and 

p r o t e i n s  a s  b e a r e r s  of l i f e  may o r  may n o t  b e  un ique -  T h i s  i s  one 

of t h e  fundamenta l  q u e s t i o n s  t h a t  t h e  d i s c o v e r y  of e x t r a t e r r e s t r i a l  

l i f e  might  answer.  

The b i o l o g i c a l  impor tance  o f  t h e  p l a n e t s  i s  n o t  l i m i t e d  t o  

d e t e c t i n g  and s t u d y i n g  l i f e  on them. Even i f  no l i f e  i s  found t o  

e x i s t ,  t h e  o p p o r t u n i t y  t o  sample o r g a n i c  compounds on t h e  p l a n e t s  

might  g i v e  some v a l u a b l e  c l u e s  t o  t h e  o r i g i n  o f  l i f e .  S t e r i l e  wor lds  

may p r o v i d e  t h e  i n f o r m a t i o n  n e c e s s a r y  t o  t h e  u n d e r s t a n d i n g  of t h e  

o r g a n i c  chemica l  p r o c e s s e s  t h a t  p receded  t h e  development  of  l i f e  on  

t h e  e a r t h .  

P r e s e n t  knowledge ( a s  w e l l  a s  t h e  l a c k  of  i t )  of t h e  p l a n e t s  Mars 

and Venus i s  compa t ib l e  w i t h  t h e  p o s s i b i l i t y  b o t h  of an  ind igenous  

l i f e  and of t h e  s u p p o r t  and  r a p i d  p r o l i f e r a t i o n  of t e r r e s t r i a l  micro-  

organisms.  The i n t r o d u c t i o n  of t e r r e s t r i a l  o rganisms and con taminan t s  

might  so d i s t o r t  t h e  b i o l o g y  of e i t h e r  p l a n e t  a s  t o  c o n s t i t u t e  a 

s c i e n t i f i c  c a t a s t r o p h e -  The p r o c e s s e s  a r e  i r r e v e r s i b l e  and t h e y  

make t h e  s e a r c h  f o r  l i f e  on o t h e r  p l a n e t s  most s e n s i t i v e  t o  i r r e m e d i a b l e  

harm. I f  t h e  e a r t h  were s t e r i l e ,  i t  would r e q u i r e  o n l y  months o r  

y e a r s  t o  u n i v e r s a l l y  p o p u l a t e  it w i t h  t h e  d e s c e n d a n t s  of a s i n g l e  

c e l l .  A common b a c t e r i u m ,  E. C o l i ,  has  a mass of grarns and a 

f i s s i o n  i n t e r v a l  of 30 minutes .  I d e a l l y ,  i t  would t a k e  66 hour s  f o r  
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t h e  progeny t o  a t t a i n  t h e  mass of  t h e  e a r t h .  

t h i s  magni tude p r i n c i p a l l y  because t h e  food  supp ly  i s  i n s u f f i c i e n t .  

Nevertheless,  t h i s  e x t r a p o l a t i o n  i l l u s t r a t e s  t h a t  t h e  e x p o n e n t i a l  

growth r a t e  of b a c t e r i a  i s  t r u l y  e x p l o s i v e  and ,  t h e r e f o r e ,  t h e  

t i m e s c a l e  of p l a n e t a r y  b i o l o g i c a l  d i s t o r t i o n  need n o t  be  long .  

i t  c o u l d  be  c o n s i d e r a b l y  less t h a n  t h e  t i m e  i n t e r v a l  of e a r t h - p l a n e t  

o p p o s i t i o n s .  

i n t e n t i o n a l  o r  a c c i d e n t a l ,  should b e  s u b j e c t  t o  c a r e f u l  s t e r i l i z a t i o n .  

The progeny n e v e r  r e a c h  

Indeed ,  

Space probes  which have any l i k e l i h o o d  of a l a n d i n g ,  

DEFINITION OF BIOLOGICAL CONTAMINATION 

I t  i s  c o n v e n i e n t  t o  s e p a r a t e  b i o l o g i c a l  c o n t a m i n a t i o n  i n t o  two 

k i n d s ,  p o l l u t i o n  and i n f e c t i o n .  B i o l o g i c a l  p o l l u t i o n  i s  meant t o  

b e  a d e p o s i t  of a l a r g e  enough number of micro-organisms t o  b e  

s c i e n t i f i c a l l y  s i g n i f i c a n t ,  a s  s u c h ,  w i t h o u t  f u r t h e r  growth. 

t i o n  i s  meant t o  d e s c r i b e  t h e  growth of  one or more v i a b l e  organisms.  

L i k e w i s e ,  p o l l u t i o n  c a n  b e  d i v i d e d  i n t o  two c a t e g o r i e s ;  v i a b l e  

p o l l u t i o n ,  which does  n o t  grow b y  n a t u r e  of  i t s  envi ronment ,  and 

non-v iab le  p o l l u t i o n ,  

I n f e c -  

P o l l u t i o n  

P o l l u t i o n  i s  a t y p e  of con tamina t ion  t h a t  a p p l i e s  t o  t h e  Moon, 

Mars, and Venus. 

s p l a t t e r e d  on any one of  t h e s e  t h r e e  b o d i e s .  

a r e a  i s  4 x 1 d 3  s q u a r e  meters, and t h e  i n t e s t i n e s  of a mammal c a n  

c o n t a i n  1012 micro-organisms per  k i logram.  

f l i g h t ,  t h e  p u t r i f i e d  t r a c t  could  c o n t a i n  1013 micro-organisms pe r  

k i log ram (1). 

P o l l u t i o n  would be  most l i k e l y  i f  a mammal w e r e  

F o r  example,  t h e  Moon's 

I f  t h e  manurial d i e d  i n  

P r e s e n t  t e c h n i q u e s  are c a p a b l e  of d e t e c t i n g  one 
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micro-organism p e r  s q u a r e  c e n t i m e t e r .  These t e c h n i q u e s  c o u l d  be  

immedia t e ly  e x t e n d e d  t o  d e t e c t  one micro-organism p e r  s q u a r e  meter. 

F u t u r e  improvements i n  t echn ique  may i n c r e a s e  t h e  d e t e c t i n g  

s e n s i t i v i t y  by  a f e w  o r d e r s  of magni tude;  t h e r e f o r e ,  a s i n g l e  probe 

l e a v i n g  a r e s i d u e  of from lo9  t o  l o l o  dead b a c t e r i a  c o u l d  p rov ide  a 

m i s l e a d i n g  background n o i s e  f o r  f u t u r e  i n v e s t i g a t o r s .  2 

I n f e c t i o n  

I n f e c t i o n  a p p e a r s  l e a s t  l i k e l y  on t h e  Moon because  w a t e r  i s  t h e  

l o w e s t  common denominator  of  a l l  known t e r r e s t r i a l  organisms,  and 

a l l  p r e s e n t  e v i d e n c e  of  s o l v e n t s  on t h e  Moon's s u r f a c e  i s  h i g h l y  

c o n t r o v e r ; i a l  (2 ,  3 ) .  The h y p o t h e s i s  t h a t  b e n e a t h  t h e  l u n a r  s u r f a c e  

m a t e r i a l  one would f i n d  b o t h  w a t e r  t r a c e s  and r e l i c s  of p r i m i t i v e  

organisms i s  n o t  s o  un reasonab le  a s  t o  w a r r a n t  t h e  immediate d i s m i s s a l  

of t h e  m a t t e r  of i n f e c t i o n .  

Mars i s  a r i d  by  t e r r e s t r i a l  s t a n d a r d s ;  i t s  p o l a r  c a p s  c o n s i s t  of 

t h i n  h o a r  frost, and dense  t e r r e s t r i a l  t y p e  w a t e r  c l o u d s  hJve  n e v e r  

been  observed .  However, t h e  p o l a r  c a p s  r e t r e a t  and t h e  e q u a t o r i a l  

d a r k  a r e a s  advance w i t h  t h e  o n s e t  of t h e  Mar t i an  s p r i n g .  The pressure  

(85 mb, o r  l e s s )  and t empera tu re  (200-300°K) a r e  s o  l o w  it  i s  

f r e q u e n t l y  supposed t h a t  t h e  p re sence  of l i q u i d  w a t e r  on t h e  s u r f a c e  

i s  ve ry  r a r e .  T h i s  p o i n t  has  been r e f u t e d  ( 4 ,  5 ) .  I f  s a l t s  a r e  

p r e s e n t  on t h e  M a r t i a n  s u r f a c e ,  an  a n t i - f r e e z e  mechanism c a n  occur .  

These comments would be u n n e c e s s a r y  b u t  f o r  t h e  f a c t  t h a t  many 2 
peop le  ( n o t  a l l  laymen) presuppose t h a t  no s i g n i f i c a n t  d i s c o v e r i e s  
w i l l  b e  made u n t i l  a man i s  landed  on t h e  p l a n e t s .  
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It i s  r e a s o n a b l e  t o  s u g g e s t  t h a t  t h e  da rk  a r e a s  of t h e  p l a n e t  c o n t a i n  

s a l t s ,  pe rhaps  i n  t h e  form of  d e p o s i t s  l e f t  beh ind  by d r i e d - u p  s e a s .  

S i n t o n  (6 ,  7)  has  found th ree  s m a l l  a b s o r p t i o n  d i p s ,  a t  3.43,  

3.57, and  3.67 mic rons ,  a s s o c i a t e d  w i t h  t h e  d a r k  a r e a s  of  Mars.  T h i s  

s u g g e s t s  t h e  p re sence  of o r g a n i c  m a t t e r  on Mars, b u t  t h e  q u e s t i o n  of 

i t s  o r i g i n  i s  an  open q u e s t i o n .  

-These f e w  f a c t s  i n d i c a t e  Mars may be  a promis ing  s u b j e c t ,  b o t h  

f o r  b a s i c  b i o l o g i c a l  r e s e a r c h  and i n f e c t i o n .  

T h e o r i e s  of Venus a r e  s o  v a r i e d ,  and t h e  f a c t s  s o  few, i t  i s  

i m p e r a t i v e  t o  b e  ve ry  c a u t i o u s ,  a t  l e a s t  i n  t h e  e a r l y  s t a g e s  of 

e x p l o r a t i o n .  

SPACE -FLIGHT ENVIRONMENT 

On c u r s o r y  examina t ion ,  probe s t e r i l i z a t i o n  may a p p e a r  t o  be  

u n n e c e s s a r y  because  t h e  s p a c e - f l i g h t  envi ronment  i s  s o  h o s t i l e  t o  

t e r r e s t r i a l  o rganisms.  S e v e r a l  s e l f - s t e r i l i z i n g  mechanisms which 

immedia te ly  s u g g e s t  themselves  a r e :  

1) 

2) Space vacuum 

3)  

4)  

5) 

U l t r a v i o l e t  r a d i a t i o n  from t h e  sun  

High t e m p e r a t u r e s  on t h e  Moon's s u r f a c e  

H e a t  of impac t ,  or impact e x p l o s i o n  on t h e  Moon 

Heat  of e n t r y  i n t o  a p l a n e t a r y  a tmosphere  

We s h a l l  d i s c u s s  t h e s e  i n  o r d e r .  

P a r t s  of t h e  probe w i l l  neve r  be exposed t o  s u n l i g h t .  L J l t r a v i o l e t  

r a d i a t i o n  w i l l  d e s t r o y  organisms which a r e  naked ly  exposed ,  b u t  i t s  

p e n e t r a t i n g  power i s  so  l o w  t h a t  organisms c a n  s u r v i v e  i f  su r rounded  

by  o n l y  a s m a l l  g roup  of dead ones .  
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L a b o r a t o r y  vacuum i s  employed t t .  h e l p  p r e s e r v e  micro-organisms.  

There  i s ,  a s  y e t ,  no knowledge on SF, ce vacuum be ing  b a c t e r i c i d a l .  

Perhaps t h i s  q u e s t i o n  can  be answered i n  t h e  n e a r  f u t u r e  by  means of 

a s a t e l l i t e  expe r imen t .  

The Moon and t h e  P l a n e t s  most l i k e l y  have c r a c k s  and f i s s u r e s  

on t h e i r  s u r f a c e s  which would p r o t e c t  o rganisms from exposure  t o  

h i g h  t e m p e r a t u r e s  and u l t r a v i o l e t  r a d i a t i o n ,  ( 5 ,  p. 306) 

A probe  ha rd - l anded  on t h e  Moon would have a n  impact  v e l o c i t y  

of  a p p r o x i m a t e l y  3 k i l o m e t e r s  p e r  second. T h i s  i s  n o t  s u f f i c i e n t  

k i n e t i c  e n e r g y  t o  m e l t  o r  vapor i ze  t h e  probe on impac t ,  b u t  it i s  

s u f f i c i e n t  t o  s c a t t e r  p a r t s  of t h e  payload  a l l  ove r  t h e  Moon's s u r f a c e  

if t h e  i n i t i a l  impact  were on a h a r d  s u r f a c e ,  such  a s  a mountain.  

The o r b i t a l  v e l o c i t y  of  a s a t e l l i t e  i n  t h e  Moon's g r a v i t a t i o n a l  f i e l d  

i s  r o u g h l y  2 k i l o m e t e r s  a second. It i s  contended  t h a t  t h e  probe 

would b u r y  i t s e l f  i n  t h e  Moon's s u r f a c e .  We do n o t  b e l i e v e  t h a t  any 

of  t h e  s u p p o r t i n g  arguments  p r e s e n t e d  t h u s  f a r  a r e  s u f f i c i e n t l y  

conv inc ing  t o  b e  dogmatic .  

A probe  t h a t  u n i n t e n t i o n a l l y  e n t e r s  a n  atmosphere has  a h i g h  

p r o b a b i l i t y  of coming i n  a t  a shallow a n g l e ,  which i s  t h e  i d e a l  

approach  f o r  a s u c c e s s f u l  l a n d i n g  (8 ,  9 ) .  The probe may shed  a f e w  

p a r t s  d u r i n g  t h e  p l a n e t  f a l l ,  b u t  t h e  bu lk  of it would s t r i k e  t h e  

s u r f a c e .  

because  t h e  t enuous  atmosphere of Mars e x t e n d s  so  f a r  o u t  from i t s  

s u r f a c e .  Fu r the rmore ,  meteors  have been  found whose i n t e r i o r s  show 

no e v i d e n c e  of hav ing  been h e a t e d  a p p r e c i a b l y  (10) .  

t h a t  t h e  rigors of a space  j o u r n e y  are n o t  a r e l i a b l e  means  of 

p r e v e n t i n g  b i o l o g i c a l  con tamina t i cn .  

A s u c c e s s f u l  d e s c e n t  on Mars would b e  c o m p a r a t i v e l y  s imple  

I t  i s  e v i d e n t  
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INTERNATIONAL DISCUSSION 

CETEX (Committee on Contaminat ion  by E x t r a t e r r e s t r i a l  E x p l o r a t i d r i ,  

r e p r e s e n t i n g  the I n t e r n a t i o n a l  S c i e n t i f i c  Unions,  h a s  p u b l i s h e d  two 

r e p o r t s  (11, 12) i n  a n  a t t e m p t  t o  s e t  a t o n e  f o r  deve lop ing  a code of  

conduc t  i n  s p a c e  r e s e a r c h .  These r e p o r t s  imply  t h a t ,  p a r t i c u l a r l y  

a s  r e g a r d s  b i o l o g i c a l  e x p l o r a t i o n ,  a p u r e l y  n a t i o n a l  program does  n o t  

have much chance  of  b e i n g  f r u i t f u l .  

The CETEX r e p o r t s  recommend t h e  s t e r i l i z a t i o n  o f  s p a c e  p r o b e s ,  

b u t  t h e y  do  n o t  s u g g e s t  a procedure  f o r  s t e r i l i z i n g  p robes  n o r  do 

t h e y  s u g g e s t  what t o l e r a n c e s  would b e  a c c e p t a b l e .  I n  t h i s  p a p e r ,  

we d i s c u s s  b o t h  a n  o p e r a t i o n a l  approach  t o  s t e r i l i z a t i o n  and t h e  

v a l u e  judgements  t h a t  w i l l  have t o  be f a c e d  b y  t h e  o p e r a t i o n a l  

a g e n c i e s  r e s p o n s i b l e  f o r  l a u n c h i n g  s p a c e  v e h i c l e s .  

OPERATIONAL TACT I C s  

S t e r i l i z i n g  s p a c e  p robes  i s  an e n g i n e e r i n g  n u i s a n c e ,  however,  

t h e  same o r d e a l  h a s  c o n f r o n t e d  s u r g i c a l  crews f o r  q u i t e  some time. 

I n  b o t h  i n s t a n c e s ,  a n t i c i p a t i o n  o f  t h e  t a s k  i s  n e c e s s a r y .  

A t  t h i s  time, it i s  p o s s i b l e  t o  a n t i c i p a t e  and  recommend f o Q r  

p h a s e s  of payload  s t e r i l i z a t i o n  f o r  d l 1  deep  s p a c e  m i s s i o n s .  They 

a r e ,  i n  sequence :  

1, S t e r i l e  assembly  o f  components, p a r t i c u l a r l y  h e a t  s e n s i t i v e  

ones ,  

2. B u i l t - i n  s t e r i l i z a t i o n  of p a r t s ,  p a r t i c u l a r l y  where t r a c e s  

of w a t e r  a r e  a d m i s s a b l e ,  
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3 .  Terminal  s t e r i l i z a t i o n ,  

4. Main ta in ing  s t e r i l i z a t i o n .  

A m i c r o b i o l o g i c a l  t e s t i n g  procedure  m u s t  a l s o  be  i n t e g r a t e d  i n t o  

t h e  s t e r i l i z a t i o n  o p e r a t i o n s .  

Te rmina l  S t e r i l i z a t i o n  

Phase t h r e e ,  t e r m i n a l  s t e r i l i z a t i o n ,  i s  t h e  most i m p o r t a n t  

o p e r a t i o n  and we s h a l l  d i s c u s s  i t  f i r s t .  

A l l  known micro-organisms p e r i s h  when s u b j e c t e d  t o  d r y  s team 

a t  16OOC f o r  twen ty  minu tes  (13 ) .  

Micro-organisms c a n  s u r v i v e  much h i g h e r  t e m p e r a t u r e s  o v e r  a s h o r t e r  

p e r i o d  of t ime; such  a s ,  t h e  f l a s h  t e m p e r a t u r e s  i n  e x p l o s i o n s .  

However, a p p r o x i m a t e l y  20% of  t h e  components t h a t  g o  i n t o  payloads  

w i t h  which we a r e  now f a m i l i a r  c a n n o t  endure  160OC. 

d i s i n f e c t a n t  f o r  t h i s  purpose  i s  e t h y l e n e  o x i d e  g a s  ( 1 4 ) .  

There  i s  a t ime- t empera tu re  e f i e c t .  

A more g e n e r a l  

E t h y l e n e  o x i d e  (C2H40) i s  t h e  s i m p l e s t  of t h e  e t h e r s .  It is 3 

v e r y  s m a l l  molecule  and  t h e r e f o r e  d i s s o l v e s  i n  many s u b s t a n c e s ,  such  

a s  r u b b e r ,  p l a s t i c ,  and  o i l .  A s  a r e s u l t  o f  t h e s e  p r o p e r t i e s ,  under  

s l i g h t  p r e s s u r e  e t h y l e n e  o x i d e  i s  q u i t e  p e n e t r a t i n g ,  working i t s  wdy 

i n t o  the s m a l l  i n t e r s t i c e s  of most components. I t  i s  n o n - c o r r o s i v e ,  

and  i t s  human t o x i c i t y  i s  low.  

E t h y l e n e  o x i d e  i s  a f e w  thousand times more e f f e c t i v e  a s  a 

s p o r i c i d e  t h a n  o t h e r  powerful  d i s i n f e c t a n t s  (15).  Viruses  a r e  more 

s e n s i t i v e  t o  e t h y l e n e  o x i d e  t h a n  many o t h e r  organisms,  whereas ,  t h e y  

a r e  much more r e s i s t a n t  t o  r a d i a t i o n .  

E t h y l e n e  oxide  i s  inflammable i n  a i r  i n  c o n c e n t r a t i o n s  a s  l o w  

However, a m i x t u r e  o f  10% e t h y l e n e  o x i d e  and  90% ca rbon  as 3%. 
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d i o x i d e  (sometimes c a l l e d  c a r b o x i d e )  i s  n o t  inf lammable even  when 

i n f i n i t e l y  d i l u t e d  w i t h  a i r .  Th i s  mix tu re  a t  2 a tmospheres  p r e s s u i e  

and  25OC would s t e r i l i z e  most p a r t s  of t h e  probe  i n  f o u r  h o u r s .  The 

s t e r i l i z a t i o n  c o u l d  t a k e  p l a c e  i n  a p o l y e t h y l e n e  t e n t  and  l e f t  there  

t o  r e t a i n  i t s  s t e r i l i t y  f o r  q u i t e  some time. 

T h i s  p a r t  o f  t h e  s t e r i l i z a t i o n  t e c h n i q u e  i s  w e l l  e s t a b l i s h e d .  

The U. S. Chemical Corps  h a s  s t e r i l i z e d  many p i e c e s  of d e l i c a t e  

l a b o r a t o r y  a p p a r a t u s  w i t h o u t  damage. They have a l s o  s t e r i l i L e d  Air 

Fo rce  bombers and a commercial  a i r c r a f t ,  i n  which 3 v i a l  of l i v e  i ? ~ ~ l i ~ ~  

v i r u s  was a c c i d e n t a  1 ly broken.  

Gaseous s t e r i l i z a t i o n  w i l l  n o t  prove e f f e c t i v e  on c e r t s i n  

i m p e n e t r a b l e  components. F o r  t h e s e  p a r t s  ( p a p e r  c a p a c i t o r s  f c r  

example) h e a t  s t e r i l i z a t i o n  o r  r a d i a t i o n  c a n  u s u a l l y  b e  employed. 

It i s  i m p r a c t i c a l  t o  s t e r i l i z e  an  e n t i r e  payload  w i t h  r a d i a t i o n .  

It i s  u s e f u l  for c e r t a i n  s m a l l ,  s e a l e d  h e a t - s e n s i t i v e  components 5 u c - t 1  

a s  m y l a r  c a p a c i t o r s .  

The r a d i a t i o n  d o s e  r e q u i r e d  f o r  some s p e c i f i e d  d e g r e e  c f  

s t e r i l i z a t i o n  i s  p r o p o r t i o n a l  t o  t h e  n a t u r a l  l o g a r i t h m  of  t h e  i-ixrnLe; 

o f  b a c t e r i a .  F o r  lo5 b a c t e r i a  p e r  gram of m a t e r i a l ,  a dosdge o f  l ! .G  

t o  lo7 rem i s  r e q u i r e d  f o r  good s t e r i l i z a t i o n  depending u p o n  t h e  

organism.  

most payload  m a t e r i a l s .  

A c t u a l l y  lo5 b a c t e r i a  i s  a v e r y  h i g h  b a c t e r i a  l o d d i n g  f o r  

The J e t  P ropu l s ion  L a b o r a t o r y  s e l e c t e d  some s e a l e d  h e a t - s e n s i t ,  + .  

components f o r  r a d i a t i o n  t r e a t m e n t  by  t h e  Genera l  E l e c t r i c  Corpo'r~ti~~ . 
Two packages of i d e n t i c a l  p a r t s  were exposed t o  106 and lo7 rem i io i l .  
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a Co60 s o u r c e  of  gamma r a y s .  

lo7 rem. 

A m;l jo r i ty  o f  t h e s e  components withstdoc!  

The most i r . i -o r t ?n% e x c e p t i o n s  were t r a n s i s t o r s  and mercury 

c e l l  b a t t e r i e s .  

We e s t i m a t e  t h a t ,  between g a s ,  h e a t ,  and r a d i a t i o n  ( t e r m i n a l  

s t e r i l i z a t i o n ) ,  95% of t h e  payload p a r t s  can  b e  r e a d i l y  s t e r i l i z e d  

w i t h o u t  f e a r  of  deg rad ing  t h e i r  performance c h a r a c t e r i s t i c s .  

S t e r i l e  Assembly 

The removal o f  d u s t  and f o r e i g n  p a r t i c l e s  from t h e  space  probe 

e l i m i n a t e s  3 m a j o r  s o u r c e  of b i o l o g i c a l  p o l l u t i o n  and i t  i s ,  a t  t he  

same t i m e ,  an  e n g i n e e r i n g  v i r t u e .  ( M o s t  a tmospher i c  p o l l u t i o n  i s  

bo rne  by d u s t  p a r t i c l e s ,  except perhaps  i n  c l o s e d  rooms crowded w i t h  

human b e i n g s . )  

The washing and sc rubb ing  o f  p a r t s  of t h e  payload  w i t h  w a t e r  and 

d e t e r g e n t s  ( o r  o t h e r  more a c c e p t a b l e  s o l v e n t s )  can  reduce  t h e  number 

of  microbes  on t h e  probe by three o r d e r s  of  magni tude.  

O t h e r  a s p e c t s  of  s t e r i l e  assembly i n c l u d e  u s i n g  compounds t h a t  

a r e  made s t e r i l e .  P d r t s  such a s  screws and b o l t s  can  b e  d ipped  i n  

any  o f  a number of s t e r i l i z i n g  s o l u t i o n s .  I f  screws and f i t t i n g  

h o l e s  a r e  made t o  f i t  e x a c t l y ,  t h e n  c a r e  must b e  t a k e n  t o  s t e r i l i z e  

b e f o r e  j o i n i n g .  Such f i t t i n g s  w i l l  r emain  s t e r i l e .  I f  t h e  f i t t i n c ; s  

a r e  n o t  p e r f e c t l y  j o i n e d ,  t h e  e t h y l e n e  ox ide  g a s  w i l l  p e n e t r a t e  and 

s t e r i l i z e  t h e s e  i n t e r s t i c e s .  

B u i l t - I n  S t e r i l i z a t i o n  

Wherever p o s s i b l e ,  subs t ances  which a r e  i n i m i c a l  t o  t h e  w e l l  

b e i n g  of micro-organisms should be emproyed. C e r t a i n l y ,  s u b s t d n c e s  of 

b i o l o g i c a l  o r i g i n ,  such  a s  c a s e i n  g l u e  o r  s h e l l a c ,  s h o u l d  be avoided .  
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R e c e n t l y ,  g e r m i c i d e s  t h a t  c o n t a i n  o r g a n o - m e t a l l i c  compounds a s  

a c t i v e  i n g r e d i e n t s  have been  used t o  d i s i n f e c t  h o s p i t a l s .  These 

s u b s t a n c e s  might  prove va luab le  d u r i n g  t h e  f a b r i c a t i n g  of s e a l e d  

components w i t h  p a r t s  t h a t  g e t  s l i g h t l y  con tamina ted  w i t h  h a n d l i n g .  

T h i s  r e d u c t i o n  of  t h e  con tamina t ion  l o a d  d u r i n g  t h e  i n i t i a l  s t a g e s ,  

p r o v i d e s  an  o p p o r t u n i t y  t q  a t t empt  t e r m i n a l  s t e r i l i z a t i o n  by r a d i a t i o n  

a t  a c o n s i d e r a b l y  r educed  dosage,  something of  t h e  o r d e r  of l o4  rem. 

B u i l t - i n  s t e r i l i z a t i o n  i s  n o t  s o  much a s p e c i f i c  t e c h n i q u e  a s  i t  

i s  a ph i losophy  of  p r e p a r a t i o n  f o r  t e r m i n a l  s t e r i l i z a t i o n .  

M a i n t a i n i n g  S t e r i l i z a t i o n  

Once t h e  space  probe i s  s t e r i l i z e d ,  it w i l l  b e  n e c e s s a r y  t o  

mount it on t h e  r o c k e t  b o o s t e r s .  The t e c h n i c a l  problem i s  t h e n  one 

of keeping  microbes  from coming i n t o  c o n t a c t  w i t h  t h e  probe. 

The probe  i s  encased  i n  a p r o t e c t i v e  m e t a l  shroud d u r i n g  t h e  

l a u n c h  phase of t h e  space  f l i g h t .  The shroud can  be  employed t o  

house a d i s i n f e c t a n t  a tmosphere th roughou t  t h e  coun t  down and f l i g h t  

t h rough  t h e  atmosphere.  The d i s i n f e c t a n t  can  b e  e i t h e r  c a r b o x i d e ,  

employed i n  t h e  t e r m i n a l  phase,  or a f a s t e r  a c t i n g  b u t  l e s s  p e n e t r a t i n g  

g a s ,  such  as  b e t a - p r o p i o l a c t o n e  o r  e t h y l e n e  imine.  

T e s t i n g  Procedure  

I n  t h e  p a s t ,  s e v e r a l  i d e n t i c a l  payloads  were made f o r  each  

mis s ion .  I f  t h i s  p o l i c y  c a n  b e  c o n t i n u e d ,  i t  w i l l  n o t  b e  d i f f i c d l t  

t o  produce conv inc ing  s t a t i s t i c a l  arguments  a s  t o  whether  o r  n o t  t h e  

payload  meets the d e s i r e d  s t e r i l i z a t i o n  s t a n d a r d .  D i f f i c u l t i e s  may 

a r i s e  , however, when t h e  payloads  become l a r g e r  and more expens ive .  

Page 11 
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I n  t h i s  r e s p e c t ,  it would be  m o s t  p r a c t i c a l  t o  t u r n  t e r m i n a l  

s t e r i l i z a t i o n  and  t h e  s t e r i l i z a t i o n  c e r t i f i c a t i o n  o v e r  t o  a n  

o r g a n i z a t i o n  o u t s i d e  t h e  s p a c e - f l i g h t  g roups .  

s p a c e  agency 's  r e s p o n s i b i l i t y  t o  i n t e g r a t e  t h i s  i ndependen t  s t a t i s t i c a l  

es t imate  of s t e r i l i z a t i o n  w i t h  t h e  o t h e r  p r o b a b i l i t i e s  i n v o l v e d .  

b r i n g s  u s  t o  t h e  problem of de t e rmin ing  a c c e p t a b l e  c o n t a m i n a t i o n  

t o l e r a n c e  s . 

It would s t i l l  b e  t h e  

T h i s  

BIOLOGICAL CONTAMINATION TOLERANCES 

Now we g e t  t o  t h e  h e a r t  of t h e  m a t t e r  a s  i t  i s  n o t  p r a c t i c a l  t o  

pursue  codes  of conduct  and t o  employ t e s t i n g  t e c h n i q u e s  u n l e s s  t h e  

community p l a c e s  a s u b j e c t i v e  v a l u e  upon what t h e  b i o l o g i s t s  want t o  

p r o t e c t .  

b y  peop le  who p e r s i s t  i n  b e l i e v i n g  t h a t  s t e r i l i t y  i s  a n  a b s o l u t e ,  t o  

which o n l y  a yes o r  no answer a p p l i e s .  

D i s c u s s i o n s  of t h e  e t h i c s  of c o n t a m i n a t i o n  a r e  made c o n f u s i n g  

The answer t o  t h e  q u e s t i o n  of probe  s t e r i l i t y  c a n  be g i v e n  o n l y  

i n  terms of p r o b a b i l i t i e s .  When l a r g e  numbers of micro-organisms a r e  

s u b j e c t e d  t o  l e t h a l  t r e a t m e n t ,  t h e  l i v e  c o u n t  d r o p s  off e x p o n e n t i a l l y  

w i t h  t i m e ,  o r  a p p r o x i m a t e l y  so.  The p r o c e s s  i s  m a t h e m a t i c a l l y  s i m i l a r  

t o  t h e  r a d i o a c t i v e  decay  of an  u n s t a b l e  n u c l e u s .  

micro-organism h a s  no c l e a r - c u t  d e f i n i t i o n .  

The d e a t h  o f  a 

A g roup  of b i o l o g i s t s  i n  t h e  Un i t ed  S t a t e s ,  i n c l u d i n g  some of  t h e  

n a t i o n ' s  most eminent  m i c r o b i o l o g i s t s ,  b i o c h e m i s t s ,  and b i o p h y s i c i s t s ,  

who a r e  a l s o  s e n s i t i v e  t o  t h e  e n g i n e e r i n g  a r e a s  i n  s p a c e  r e s e a r c h ,  

have g i v e n  t h i s  problem some i n t e n s i v e  t h o u g h t .  
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F o r  Mars and Venus, t h e  consensus i s  t h a t  t h e  p r o b a b i l i t y  of 

l a n d i n g  one v i a b l e  organism should b e  l e s s  t h a n  one i n  a m i l l i o n .  

T h i s  means t h a t  i f  t h e  p r o b a b i l i t y  of  s u c c e s s f u l l y  impact ing  a probe 

were judged  5 p r i o r i  t o  b e  one i n  a hundred i t  would be n e c e s s a r y  t o  

s t e r i l i z e  t h e  payload  t o  a t o l e r a n c e  of one chance  i n  t e n  thousand 

t h a t  it have  a l i v e  organism.  We a r e  i n v e s t i g a t i n g  what d e g r e e s  of  

s t e r i l i z a t i o n  c a n  be  e x p e c t e d  a s  t h e  space  program e v o l v e s .  

A s  p r e v i o u s l y  i n d i c a t e d ,  t h e  s t a t u s  of t h e  Moon a s  a b i o l o g i c d l l y  

i n t e r e s t i n g  t a r g e t  i s  c o n s i d e r a b l y  more d o u b t f u l  t h a n  t h a t  o f  t h e  

p l a n e t s ;  t h e r e f o r e ,  it i s  more d i f f i c u l t  t o  g e t  a n  i n t u i t i v e  g r a s p  

of what  t o l e r a n c e s  a r e  a c c e p t a b l e .  We t e n a t i v e l y  s u g g e s t  t h a t  one 

chance i n  t e n  ( p e r h a p s  one hundred)  of a v i a b l e  organism remain ing  

on the probe  be a n  a c c e p t a b l e  i n f e c t i o n  t o l e r a n c e .  We a l s o  s u g g e s t  

t h a t  p o l l u t i o n  b e  k e p t  less t h a n  108 dead organisms p e r  probe  f o r  

Moon and p l a n e t a r y  s h o t s .  

These t o l e r a n c e  l eve l s  a r e  submi t t ed  h e r e  f o r  g e n e r a l  e v a l u a t i o n ,  

w i t h  t h e  u n d e r s t a n d i n g  t h a t ,  a s  more i n f o r m a t i o n  on t h e  c e l e s t i a l  

b o d i e s  becomes a v a i l a b l e ,  the l e v e l s  shou ld  b e  r e v i s e d .  

RECOMMENDATIONS AND CONCLUSIONS 

P l a n e t a r y  b i o l o g y  i s  one of t h e  most e x c i t i n g  a r e a s  of space  

e x p l o r a t i o n .  The u n n e c e s s a r y  d e s t r u c t i o n  of  p o t e n t i a l  i n f o r m a t i o n  

i n  t h i s  r e s e a r c h  f i e l d  by c o n t a m i n a t i o n  would b e  a n  u n c u i t u r a l  e v e n t .  

I t  i s  f e a s i b l e  t o  s t e r i l i z e  probes i n  such  a manner t h a t  t h e  l o s s  of  

i n f o r m a t i o n  t o  f u t u r e  i n v e s t i g a t o r s  i s  minimized. T h i s  can  be 
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accompl i shed  u t i l i z i n g  e t h y l e n e  o x i d e ,  h e a t  and  r a d i a t i o n ,  dccornpanied 

b y  t h e  s t e r i l e  assembly  of s p e c i a l  components,  a s  s t e r i l i z i n g  a g e n t s .  

P o l l u t i o n  t o l e r a n c e s  should  be  k e p t  t o  lG8 dead  b a c t e r i a  p e r  

mi s s i l e .  I n f e c t i o n  t o l e r a n c e s  s h o u l d  be k e p t  t o  l e s s  t h a n  p e r  

m i s s i l e  f o r  t h e  p l a n e t s  and 10-1 f o r  t h e  Moon. 

A m o l e c u l a r  i n v e n t o r y ,  p r e f e r a b l y  i n  t h e  form of  payload  

d u p l i c a t e s ,  s h o u l d  be k e p t  for each  space  f l i g h t .  More i n f o r m a t i o n  

on t h e  chemica l  compos i t ion  of space-probe  m a t e r i a l s  shou ld  be  

a c q u i r e d .  

An agency  s p e c i a l l y  q u a l i f i e d  t o  h a n d l e  s t e r i l i z a t i o n  shou ld  

pe r fo rm t h e  t e r m i n a l  d i s i n f e c t i o n  and a s c e r t a i n  t h e  d e g r e e  of 

s t e r i l i z a t i o n .  
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